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Abstract. ~We have recently developed a new estimator of recreational fishing effort. Here we
used a simulation model to determine and demonstrate the statistical behavior of this new esti-
mator. The estimator is used with access-intercept surveys and was designed to give accurate,
efficient estimates of fishing effort over a geographically large and diverse fishery. Because this is
a new estimator, little is known about its behavior. Specifically, the form of the estimator’s sampling
distribution, the variance components (within-day versus between-day), and its s-distribution were
unknown and could not be determined analytically. Hence, to assist people who will want to know
the statistical properties of this estimator and to characterize it more completely, we studied its
behavior numerically by use of a simulation model based on real-world data. Analysis of the
simulation results showed the sampling distribution of the estimator to be non-normal when
limited to a single survey route; it was more closely approximated by a gamma distribution. The
estimator approached normality when used to estimate effort from multiple-route (large-scale)
fisheries with greater fishing effort. Within-day variance (influenced by starting position along the
route and direction of travel) was larger than the between-day (day-to-day) varnability. Because
the sampling distribution of the estimator was non-normal, the r-distributions were generated
empirically to determine the direction and degree of misspecification when the usual Student
t-distribution was used. Use of the Student ¢ resulted in slightly skewed « values with too large a
probability of inclusion in the lower tail and too small a probability in the upper tail.

were those of budget and personnel. There were
too few survey agents available to cover all of the
access sites when a standard access method was

In 1984, the New York Department of Envi-
ronmental Conservation (NYDEC) undertook an
extensive contact angler survey of the fisheries on

New York’s Great Lakes. Traditional survey de-
signs were inadequate because there were too many
access sites. The survey, which covered the New
York portions of the lakes and their associated
tributaries, spanned a full year of fishing over all
major types of recreational angling (tributary, boat,
ice, etc.). The constraints on the survey design
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used. The survey route design needed to cover the
maximum area with the most efficient use of per-
sonnel and was developed to be both time- and
labor-efficient and to yield unbiased, precise es-
timates of fishing effort on a lakewide basis. The
NYDEC needed these estimates of fishing effort
to evaluate their restoration program for lake trout
Salvelinus namaycush and to assess the impact o
salmonid stocking.

To meet the needs of this survey, a new est
mator of recreational fishing effort (and catch) we
developed (Robson and Jones 1989). The ne
procedure is analogous to a bus route. Instead
visiting just one or two access sites a day (t
traditional approach), each survey agent make:
complete circuit of all access sites each sampl’
day. The agent has a precise schedule to foll
each day and arrives and departs from each ¢
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on a prespecified timetable. Because the starting
point along the route is chosen randomly each
day, each site is visited randomly throughout the
day over the survey period. If, for example, there
were 12 parking lots to visit, it would be unrea-
sonable to spend a full day at one of so many
access sites. Each site would be sampled infre-
quently within a month. With our new estimator,
we use one crew of agents to cover all 12 sites
within a day. With a standard access design, we
would have needed one crew to cover one or two
sites per day, or 6—12 crews per day. Additionally,
the new estimator can be used to estimate fishing
effort in situations in which the parties’ cars are
seen, but the likelihood of obtaining an interview
is small. The length of time that an angling party’s
car is at an access site while the survey agent is
present gives an unbiased estimate of fishing ef-
fort.

Part of the responsibility in bringing out a new
estimator for use by the fishery professional is to
provide information about the estimator so that
variances and confidence intervals can be calcu-
lated. Because our estimator used a totally new
design, little was known about its behavior before
our numerical modeling. It was already known
that the estimator was unbiased. However, the
properties and shape of the sampling distribution
were unknown and could not be determined an-
alytically.

To understand the application of the numeric
models, one needs to be familiar with character-
istics of the estimation procedures. A complete
explanation of the survey methodology and deri-
vation of estimators used in the survey are given
in Robson and Jones (1989). The angler survey
obtained an estimate of fishing effort on a lake-
wide basis. This estimated total daily fishing effort
for a given survey route, ETPH (estimated total
party hours), is

ETPH =T ), (i) > X,
i \Wi/ 7,
T = total time for a survey agent to travel the
route;

X; = amount of time angler party’s car (j) is
present during the survey agent’s wait at
site 7; and

w; = the survey agent’s waiting time at the jth
access site. Waiting time may be of equal
duration for all sites within a tributary
route.

Note that in the Robson and Jones (1989) paper,

ETPH was given the notation T,,. During a time
stratum (the strata were weekdays, weekend days,
and holidays), the survey was conducted on a ran-
dom sample of n days. For example, 8 weekdays
were selected at random from among the 20 week-
days available per month. The variable ETPH was
calculated separately for each day, and the mean
ETPH was calculated for each month. The un-
biased estimator for this mean ETPH (ETPH)
during that month is

|
ETPH = — ), ETPH.
n

The sampling error variance estimator is a sum of
the within-day and between-day variance com-
ponents, arising from the relationship

. . 1 &
ETPH - ATPH = — > (ETPH, — ATPH,)
k=1

13 R
- > (ATPH, — ATPH),
k=1

ATPH (actual total party hours) is the actual num-
ber of party hours that are fished on a route for a
given day (k), and ATPH is the mean of the actual
party hours fished on a route calculated for each
month. (This is the same as equation 14 in Rob-
son and Jones [1989].) The within-day error com-
ponent of daily ETPH,, expressed as (1/n)> (ETPH
— ATPH) in the above equation, reflects variation
due to the position of the agent’s random start
along the route and its effect on encountering par-
ties. The between-day error component, expressed
as (1/n)2(ATPH — ATPH) in the above equation,
is due to day-to-day changes in the angler popu-
lation. However, for the field survey, only total
variance was estimated, and no estimate was made
for within-day variance because only one crew of
survey agents was used along a route each sam-
pling day. To estimate within-day variance would
have necessitated several crews conducting two or
more randomized surveys along a given route on
the same day, a costly procedure in this case or in
the conventional access site survey. Hence, vari-
ance components (i.e., within-day versus be-
tween-day) could not be separated. For the 1984
field study, we chose a conservative variance es-
timator for building confidence intervals about the
estimates of effort. This conservative estimator is
given in equation (18) in Robson and Jones (1989):

WETPH) = [1/n (n — D]2(ETPH — ETPH)?
= (1/n)sgrpu;
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v = total variance of ETPH, and s%py = sample
estimate variance. Use of a moderately conser-
vative variance estimator results in variance es-
timates that are, on average, larger than the true
variance and that yield larger confidence intervals.

Our simulation model was developed to assess
the behavior of this new survey estimator. Al-
though the estimator itself was shown to be un-
biased (Robson and Jones 1989), the shape of the
sampling distribution of the estimator and hence
the variance and r-values were unknown. This
ability to estimate variance and calculate the
t-values was essential for developing confidence
intervals. The simulation model constructed was
based on information obtained in field interviews.
This was done with a process similar to the
“bootstrapping” procedure (Efron 1979a), in which
the population of interest is built or tested by em-
ulating real-life procedures and basing the model
parameters on real-world data (Efron 1979b). This
procedure permits the construction of confidence
intervals that otherwise would not be known (Dia-
conis and Efron 1983).

The numeric model for this study was built at
considerably less cost than that of performing ad-
ditional field surveys. The examples that we will
use represent fishing along a stream. However, the
behavior of the estimator is consistent over all
fisheries, and the results are applicable to other
types of fisheries (C. M. Jones, W. Check, A. Eh-
tisham, and P. Geer, Old Dominion University
and K. H. Pollock, University of North Carolina,
unpublished data). The model was used to inves-
tigate the sampling distribution of the estimator
and the shape of the r-distribution, information
that cannot be obtained with any other technique.

Here we show the statistical properties of this
new estimator in a thorough manner, including
the shape of the sampling distribution of the es-
timator compared with that of the actual popu-
lation under weekday and weekend-day sampling
scenarios, and when estimating single and com-
bined tributary routes. Additionally, we illustrate
a unique and useful application of simulation
modeling for developing new recreational angling
survey designs.

Construction of the Model
The Computer Model Components

The computer model had three modules: (1) the
angler population module, (2) the estimation
module, and (3) the output analysis module (Fig-
ure 1).
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FiGure 1.~Components of the computer simulation
model. The model will allow input for route designs that
are user specified and uses the characteristics (e.g., start-
ing times) specific to the user’s fishery through cumu-
lative distribution function (C.D.F.) tables. ATPH = ac-
tual total party hours of fishing; ETPH = the estimated
total party hours; ¢ and o? are the mean and variance of
the population; X and s? are the mean and variance of
the sample.

The angler population module stochastically as-
signed a user-chosen number of fishing parties to
access sites and assigned starting time and dura-
tion for each party’s trip on the fishery. The input
data to this module were information obtained
from completed trip interviews from the 1984 New
York Great Lakes angler survey, but could be
comparable data from any survey. This infor-
mation was input from user-designated arrays or
files. The output data were the actual number of
party hours (ATPH) assigned for each iteration o1
“day” of fishing simulated by the model.

The estimation module simulated the surve:
agent’s travel around a route. The input data t
the estimation module were the characteristics ¢
the route, e.g., the number of access sites and tt
route schedule (length of travel between sites ar
waiting times at each site). This information w
input from user-specified files at the beginning
the simulation run. The output of the estimati
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module was the estimated total party hours (ETPH)
for each iteration. A direct comparison with each
iteration’s output of ATPH from the angler pop-
ulation module can be made.

The output analysis module analyzed the out-
put from the angler population module and esti-
mation module by use of PC Minitab and other
custom programs. The output files from the angler
population module and the estimation module are
in one-to-one correspondence. Therefore, the dif-
ference between the estimated value of fishing ef-
fort and the actual value can be obtained. Custom-
designed programs were used to subsample the
simulation output to represent sampling choices
taken from weekend-day and weekday strata. Pro-
grams were also designed to calculate the empir-
ical t-value.

Creation of the Angler Population Module

Design of the survey route. — This new estimator
was designed to estimate effort for an individual
survey route. The survey route design is analogous
to a bus route, which is built on a precise time
schedule (Figure 2). Each day, the starting point
along the route was chosen randomly. Agents pro-
ceeded around each route, and arrived and de-
parted on a precise time schedule. While the agent
waited at an access site, the amount of time that
an angling party’s car was in view was recorded
as a measure of fishing effort. Because fishing effort
was heavier on weekends, the survey was stratified
into weekday and weekend-day sampling periods.
The datly sampling schedule was chosen random-
ly to start at either the beginning of the fishing day
(an early start) or to end at the end of the fishing
day (a late start).

Choice of emulated routes. —We chose the Ster-
ling River and Upper Salmon River survey routes
from the New York Great Lakes survey for em-
ulation. These routes were representative of low
and high fishing pressure, respectively. For the
Sterling River route simulation, the numbers of
fishing parties were set at 10, 20, 50, 100, and
200. This produced a reasonable range of fishing
effort for a low-effort route. The numbers of par-
ties chosen for the Upper Salmon River route were
10, 20, 50, 100, 200, 500, and 1,000. This pro-
duced a reasonable range of fishing effort for a
high-effort route. One thousand iterations of the
simulation model were used in analysis.

Building cumulative distribution function ta-
bles. —The simulation model generated random
values for party location, starting time. and trip
duration from user-specified distributions. Party

location and starting time were chosen indepen-
dently. Actual completed trip interviews provided
the basic data upon which continuous, piecewise
linear empirical distribution functions were built
(Law and Kelton 1982). It was known that the
estimators for these input variables were unbiased
(Robson and Jones 1989). The cumulative em-
pirical distribution functions were used in con-
junction with a uniform random number genera-
tor to generate the random variates used in the
angler population module (Morgan 1984).

Party location.—We obtained the relative dis-
tribution of parties at access sites along the survey
route from the field survey and used it to appor-
tion parties to access sites within the simulation
model. For example, if site 1 had 30% of the field
interviews from the actual field survey, then over
many iterations of the model, 30% of the parties
would have been assigned at this site for the sim-
ulated populations. This resulted in »,; angling par-
ties at the /th site. For a given iteration, this would
not necessarily be true.

Starting time of the party excursion.— We used
information obtained from completed trip inter-
views to construct a cumulative distribution func-
tion of angler starting times (Figure 3). The two
cumulative distribution functions of starting times
from the weekday and weekend-day strata were
virtually identical. Based on this empirical cu-
mulative distribution function, each of the », par-
ties at the ith site was stochastically assigned a
starting time.

Trip duration.—Trip duration was dependent
on angler starting time. Anglers starting early in
the day fished longer than those starting later (Fig-
ure 4). For stream fishing, the relationship be-
tween starting time and mean trip duration was
linear. After a starting time was simulated, we de-
termined trip duration by choosing a uniform ran-
dom number between 0 and 1 and multiplying it
times the number of minutes remaining in the
fishing day. Time of completion of the angler ex-
cursion was obtained by adding the starting time
to the trip duration,

Summary of the angler population module.—
We summed the stochastically assigned trip du-
ration for all parties during each iteration of the
model. This provided the “ground truth” to which
the estimation of fishing effort could be compared.
The attributes of party location, and starting and
ending times were used in the estimation module
query of the angler population module to deter-
mine whether the survey agent and angling party
overlapped in time and space.
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STERLING TRIBUTARY ROUTE

Sterling Valiley Creek

Sterting Creek

FiGURE 2.—Illustration of the Sterling River, New York, tributary route. The route was followed at a randomly
chosen starting point, either by increasing (clockwise) or decreasing (counterclockwise) site number.

The Estimation Module

Building the daily route.—Input to the estima-
tion module was the route schedule (i.e., cumu-
lative minutes traveling to each site plus the wait-
ing times). The starting point along the route and
the direction of travel were chosen at random for
each iteration. Additionally, a binary random
number (essentially a heads or tails choice) was
used to determine whether the simulated route

PERCENT

~—— PROBABILITY DENSITY FUNCTION
— — CUMULATIVE FREQUENCY DISTRIBUTION

covered the beginning of the fishing day (early start)
or the end of the fishing day (late start) for each
iteration. Once the starting point and starting time
were determined, the daily schedule was built for
the route. The time of simulated agent arrival and
departure for each site was stored for each itera-
tion.

Data collection. — At each site, the simulated
agent arrival and departure times at the site were
compared to the start and finish times for the sim-
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FIGURE 3.— Probability density function (left ordinate axis) and cumulative distribution function (right ordinate

axis) for tributary angler starting times. The starting times for anglers fishing on weekend days and weekdays were
pooled because they were not significantly different. Time is in hours (7 = 0700 hours).
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FIGURE 4.—Duration of tributary fishing excursions
in relation to the time that the excursion started. When
overnight fishing was excluded, trip duration was closely
modeled with a linear function. Time is expressed in
hours (2 = 0200 hours).

ulated angler party. For those parties at the site
concurrently with the agent, the amount of time
that the party was present during the waiting pe-
riod was added to the cumulative estimated fish-
ing effort total (ETPH) for the route for each it-
eration or “day.” By the end of each iteration
(“day”), the estimation module produced an es-
timate of total fishing effort to compare with the
output of the angler population module. Compli-
cations arise when the survey sampling time is
greater than half but less than the total length of
the fishing day. Under these circumstances, a mid-
dle period of the sampling day resulted that was
sampled each survey day, whereas the early or late
parts of the day were sampled only every other
sampling day (Robson and Jones 1989). This is
compensated for by weighting the early and late
parts of each sampling day twice as heavily as the
middle period.

Output Analysis Module and Statistical
Evaluation

Evaluation of actual and estimated fishing ef-
Jort.—The sum of party hours from all simulated
angler excursions (ATPH) produced for each it-
eration (“‘day”) of the angler population module
and the sum of estimated party hours (ETPH) pro-
duced for each iteration (““day”) of the estimation
module were output at the end of all iterations.
These values were used to calculate the difference
(DTPH) between each matched value of actual
(ATPH) and estimated (ETPH) party hours. We
produced histograms for ATPH, ETPH, and
DTPH, along with their respective means and

standard errors. Histograms of ETPH and DTPH
showed the sampling distributions of the esti-
mator and of the differences between the actual
and estimated values. This was done for single-
tributary cases and for combined Sterling River
and Upper Salmon river tributary routes. The val-
ues for the two single-tributary routes were com-
bined to represent effort as calculated in field stud-
ies. The new estimator was designed to estimate
effort on a multiple-route basis. To represent
weekend days, the combined data from the Ster-
ling River 200-party and Salmon River 1,000-
party iterations were used to represent the high
fishing effort seen on weekends. Because both
weekend days were sampled each week, a data
base was created that was broken into 1,000 8-d
segments, each representing a month of weekend
sampling. The values (means) of each segment were
plotted as histograms and used to calculate z-val-
ues. The calculations for weekdays differed slight-
ly from weekend days because only 8 days out of
a possible 20 weekdays/month were sampled in
the field. The simulation model reflected this dif-
ference. We created a data base of 1,000 sets of
20 iterations. The values of ETPH and ATPH
were chosen from 8 iterations randomly from each
set of 20. The mean values of these eight-iteration
segments were plotted, and the values used to cal-
culate the 7-statistics.

Analysis of combined tributary routes. — We per-
formed a further simulation to demonstrate the
behavior of the estimator during the performance
of its intended design (i.e., that of calculating es-
timates of fishing effort over an entire fishery made
up of two or more routes). For this purpose, we
chose a combination of the Sterling River tribu-
tary route with 10 parties and the Upper Salmon
River tributary route with 100 parties for illustra-
tion. The simulation procedure to parallel week-
end-day -sampling used 1,000 iterations of 8 d,
combining a day each from the Sterling and Upper
Salmon River routes chosen randomly without re-
placement from 1,000 potential sampling days.
The simulation procedure that paralleled weekday
sampling used 1,000 sets of 8 iterations chosen at
random without replacement from sets of 20 it-
erations. This reflected field situations when 2 d
were sampled out of 5 weekdays each week for a
selection of 8 out of 20 potential sampling days
for each month.

Evaluation of confidence interval coverage. —
Values of ¢ were calculated as

t;= (ETPH, — u,)/SE(ETPH);
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u; is the monthly mean value of either the week-
end-day or weekday ATPH, and SE is the stan-
dard error of the estimate, depending on the ap-
propriate application. Values of 1 were computed
for the combined Sterling River and Upper Salm-
on River tributary routes, both for weekend-day
and weekday simulations. We examined the dis-
tribution of computed 7-values to determine the
functional form to be used in confidence interval
estimation.

Results

Behavior of the Estimator for Singular Tributary
Routes

Sterling River tributary route with 10 parties. —
The simulations for a single route showed that the
sampling distribution of our new estimator was
non-normal. Results from the simulation of the
Sterling River route with 10 parties are used as an
example in the text and figures. Results from the
simulations of the Sterling River route with 20,
50, 100, and 200 parties are presented in Table 1.
Figure 5 shows the results of a single *““day’s” gen-
eration of 10 angling parties distributed among 25
access sites on the Sterling River route with start-
ing times and fishing duration selected randomly
from the empirical distributions (cumulative dis-
tribution functions). This collection of parties and
values of fishing effort, totaling to ATPH = 40.5,
remained fixed during the first set of simulations
(Figure 5A). Meanwhile, we used 1,000 different
randomly chosen starting points along the route
and subsequent simulated survey runs to generate
1,000 different estimates of fishing effort, ETPH
(Figure 5B). The mean of the 1,000 estimates of
ETPH was 40.5. The estimates ranged from 0 to
90 total party hours. Figure 5C illustrates the one-
day difference between ETPH and ATPH, or
DTPH, which is simply the value for each indi-
vidual ETPH minus the true value of ATPH, 40.5.
This figure demonstrates the magnitude of the
within-day variability.

We generated the histogram of ATPH for 1,000
“days” (Figure 6A) from 1,000 collections of 10
angler parties independently simulated exactly as
for the single day shown in Figure 5A. The sim-
ulation of ATPH resulted in a mean of 38.3 total
party hours. One randomly started survey run was
simulated on each of the same 1,000 “days™ to
produced a histogram of 1,000 ETPH values (Fig-
ure 6B). The mean of these 1,000 values of ETPH,
38.4, is an unbiased estimate of the mean of 1,000
values of ATPH, 38.3. Estimates of ETPH have
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FIGURE 5.—Simulated behavior of the estimator of
fishing effort of 10 parties for “one day” on the Sterling
River tributary. (A) Values for angling hours which were
stochastically produced for one “day” or iteration of the
model resulted in a mean actual total party hour (ATPH)
value of 40.5. (B) One thousand different starting loca-
tions and directions produced 1,000 estimates of total
party hours (ETPH). (C) Difference (DTPH) between the
estimated and actual party hours shows the magnitude
of within-day variability.

a broader range compared with ATPH because the
variance of ETPH combines the within-day esti-
mation error of Figure 5C and the day-to-day vari-
ability in 1,000 estimates of ATPH (Figure 6A).
Also note the skewness in the distribution of ETPH
(Figure 6B) similar to that seen in Figure 5B. The
skewness of this distribution is mainly driven by
the skewness of the within-day component. The
histogram of DTPH (Figure 6C) illustrates the
within-day estimation error; each day’s ATPH is
subtracted from the same day’s ETPH. The his-
togram of these 1,000 estimation errors (Figure
6C) represents 1,000 samples of size 1 from each
of 1,000 distributions of DTPH of the type illus-
trated for the single distribution of Figure 5C. The
implication from the greater range for DTPH in
Figure 6C compared with the range in Figure 5C
is that some of the distributions of the type shown
in Figure 5C were broader than this specific ex-
ample. The variance (¢’prpy = 750.76) of the dis-
tribution (Figure 6C) estimates the average (mean
o?prpy) Of all 1,000 of the variances illustrated by
a single variance (¢’prpy = 630.01 for ATPH =
40.5) shown in Figure 5C.
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TaBLE 1.—Means and variance components from simulations of the Robson and Jones (1989) estimator for the
Sterling River and Upper Salmon River tributaries in New York State. CV = coeflicient of variation (100 x SE/

mean); ATPH = actual total party hours of fishing; ETPH = estimated total party hours of fishing; SE(DTPH) =

average within-day variability computed as the square root of the (variance of ETPH minus the variance of ATPH).

Columns
1) (2) 3) (4) (5) (6) N (8)
ATPH ETPH
Number of DPTH Percent of
parties Mean SE Ccv Mean SE Cv SE total variation?
Sterling River
10 38.3 8.5 22.2 38.4 28.6 74.5 27.3 91.1
20 77.4 12.4 16.0 76.6 49.5 64.6 47.9 93.6
50 192.7 19.2 10.0 197.9 114.1 57.7 112.5 97.2
100 384.5 27.3 7.8 381.4 216.7 56.8 215.0 98.4
200 771.0 37.8 4.9 770.4 424.8 55.1 423.1 99.2
Upper Salmon River

10 38.3 8.6 22.5 39.2 24.6 62.8 23.1 88.2
20 76.4 12.3 16.1 79.1 41.8 52.8 399 91.1
50 129.1 20.1 15.6 197.9 91.8 46.4 89.6 95.3
100 384.2 28.3 7.4 385.4 174.6 45.3 172.3 97.4
200 770.3 39.1 5.1 792.3 335.1 423 332.8 98.6
500 1.921.9 61.5 32 1,917.8 790.8 41.2 788.4 99.4
1.000 3,850.4 90.2 2.3 3,872.2 1,661.3 429 1,658.8 99.7

a (SE of DTPH/SE of ETPH)2.

Because ¢%prpy represents the within-day com-
ponent of total variance of ETPH (¢%g1py) for all
days, then an alternative way of estimating o2 rpy
would be to subtract the day-to-day variance of
ATPH (0%srpu = 72.25) in Figure 6A from the
total variance of ETPH (¢%c1rpy = 817.96) in Figure
6B. This gives a value of 745.71, as compared
with the value of 750.76 obtained with the direct
simulation of DTPH. The within-day variance (o2
= 745.71) represents the dominant component of
to total variance (¢ = 817.96). The variance of
ATPH (¢% = 72.25), the among-day component,
represents a minor part of the total variance of
ETPH, 817.96, whereas the within-day variance
of DTPH represents (745.29/817.96)100 = 91.1%
of the total variance of ETPH.

Other single-tributary routes.—The sampling
distribution of our new estimator was also non-
normal for higher fishing effort on the Sterling
River and Upper Salmon River routes, although
it became progressively closer to normal with in-
creasing effort. Table 1 shows the values already
illustrated for the Sterling River route with 10 par-
ties and also for the other party levels of the Ster-
ling River route simulations and for all levels for
the Upper Salmon River route simulations. Note
that columns (1) and (2) are the values of the mean
and standard deviation of ATPH illustrated by the
example in Figure 6A, and columns (4) and (5)
are the mean and standard error for ETPH (Figure
6B). When we graphed the corresponding histo-

grams for these other levels of effort for the Ster-
ling River and the Upper Salmon River routes,
the histograms of ETPH became progressively less
skewed with corresponding increases in fishing ef-
fort. For example, the coefficient of skewness (g)
decreased from g = 0.5 for 10 parties on the Ster-
ling River route to g = 0.1 for 200 parties. For
the Upper Salmon River route, the skewness de-
creased from g = 0.8 for 10 parties to g = 0.0 for
1,000 parties.

The within-day variance component of ETPH
(square of values in column 7 in Table 1) increased
in magnitude relative to the total variance of ETPH
(square of values in column $5), accounting for
91.1% (column 8) of the total variance for 10 par-
ties on the Sterling River route and increasing to
99.2% for 200 parties. The same relationship held
for the Upper Salmon River route. This phenom-
enon was associated with an increase in the vari-
ance of ATPH, the between-day variance (square
of values in column 2), which was proportional to
the increase in fishing effort, whereas the within-
day variance of DTPH increased at a much faster
rate.

Within increasing fishing effort, the coefficient
of variation (100 x SE/mean) of ETPH (Table 1,
column 6) stabilized at about 55% for the Sterling
River and 43% for the Upper Salmon River routes.
This stabilization indicates that a single functional
form, such as the gamma or lognormal, might be
used to fit the sampling distribution for each trib-
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FIGURE 6.—Simulated behavior of the estimator of fishing effort of 10 parties for “multiple days” on the Sterling
River tributary route. (A) Histogram of 1,000 stochastically produced values of actual total party hours (ATPH)
was produced from 1,000 iterations of the angler module. (B) One thousand different estimations produced the
histogram of total party hours (ETPH) that match each of the 1,000 iterations in (A). (C) The difference (DPTH)
between the estimated and actual party hours shows the magnitude of the within-day variability.

utary route at all levels of effort. Either of these
two parametric distribution functions is uniquely
specified by the mean and the standard deviation
of the sampling distribution. Specifically, the sam-
pling distribution of ETPH was compared to a
gamma distribution with the same mean and stan-
dard deviation for both the Sterling River (Figure
7) and Upper Salmon River routes. The potential
benefits of fitting the gamma distribution are dis-
cussed later.

Behavior of the Estimator for Combined Tributary
Routes

Simulations of weekend-day fishing effort. — The
sampling distribution of the estimator continued
to become more normal as routes were combined
under weekend-day conditions. For illustration
purposes, results for 10 parties on the Sterling River
route and 100 parties on the Upper Salmon River
route are presented in Figure 8, which is analogous
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generated from the gamma function. Observed values were produced from the simulations.

to Figure 6 for a single tributary route, but Figure
8 combines the Sterling route with the Upper
Salmon route for eight weekend days within a
month. This mirrors the sampling situation in
which both weekend days are sampled each week.
As in the single-tributary case, ETPH (Figure 8B)
was an unbiased estimator of ATPH (Figure 8A)
and had a broader range. Note that it had a more
normal distribution than seen in the single-trib-
utary case (Figure 6B). This was expected from
the Central Limit Theorem. The within-day error
estimation (DTPH) shown in Figure 8C had a
mean of —1.1, not significantly different from 0.0
(P > 0.05). The distribution of DTPH more closely
resembled that of ETPH (Figure 8B) as a result of
the greater dominance of the within-day variabil-
ity shown for a single day and a single tributary
route in Table 1, column (8). Hence, under the
conditions for which this new estimator was de-
signed (i.e., multiple routes) its sampling distri-
bution approaches that of a normal distribution.
Simulations of weekday fishing effort. —Simu-
lation results for weekday sampling conditions
mirrored those seen for weekend days. For illus-
trative purposes, the results for 10 parties on the
Sterling River route and 100 parties on the Upper
Salmon River route (combined data) are shown
in Figure 9. The mean ATPH for this set of sim-
ulations was 423.7 (Figure 9A). The standard error
of 13.4 was only slightly larger than for weekend-
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FiGUurRe 8.—Simulations of combined weekend-day
fishing from the Sterling River (10 parties) and the Up-
per Salmon River (100 parties) tributary routes. These
histograms illustrate weekend-day sampling regimes. One
thousand iterations produced values for (A) actual total
party hours, ATPH; (B) estimated total party hours,
ETPH; and (C) the difference between ETPH and ATPH,
defined as DTPH.
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FIGURE 9.—Simulations for combined weekday fish-
ing from the Sterling River (10 parties) and the Upper
Salmon River (100 parties) tributary routes. These his-
tograms illustrate weekday sampling regimes. One thou-
sand iterations produced values for (A) actual total party
hours, ATPH; (B) estimated total party hours, ETPH,;
and (C) the difference between ETPH and ATPH, de-
fined as DTPH.

day simulations (Figure 8A). The mean ETPH of
425.1 (Figure 9B) was an unbiased estimate of
mean ATPH with the same magnitude of standard
error, 64.3 as for weekend days (Figure 8B). The
mean DTPH (1.4) was not significantly different
from 0.0 (P > 0.05). Again, as seen for the week-
end-day analysis, the estimator became more nor-
mally distributed over combined routes than for
the single-route case.

Confidence Interval Coverage

This new estimator’s sampling distribution ap-
proached normality as more routes were com-
bined in the final estimate of fishing effort. How-
ever, depending on whether one route or several
were used, standard ¢-values based on the normal
distribution can cause misspecification of the «

values and confidence interval coverage. For these
reasons, t-values for this estimator were deter-
mined empirically, based on sampling scenarios
likely to be encountered.

Weekend-day simulations. — The near-normal-
ity of the sampling distribution of ETPH for the
weekend-day simulations (Figure 8B) offered
promise that confidence interval estimation of the
conventional form

Estimate + t[SE(Estimate)]

could be used. To examine the validity of this
procedure, we calculated the t-statistic for each of
the two strata (weekday versus weekend day) of
combined Sterling River and Upper Salmon River
route simulations. For this ¢ is the 8-d mean
DTPH (Figure 8C) divided by the standard error
calculated from the eight corresponding values of
ETPH:

8
1 > DTPH
8

SE(ETPH) °

i=1

— é (281: ETPH)ZJ

The sampling distribution of ¢ is displayed as a
cumulative distribution function in Figure 10,
which shows the detail of the lower 50 ¢-values
and upper 50 ¢-values. The actual t-values that
were generated were compared with critical values
from the Student ¢ table, which is based on the
assumption of a normally distributed estimator.
For a Student ¢ table, a value of £2.365 at the P,
= 0.05 level yields 37 observations in the lower
tail and 25 in the upper tail of our estimator’s
distribution, rather than the expected 25 in each
tail. Hence, for accuracy, we generated the actual
critical values from our simulated distributions.
From these ¢-distributions (Figure 10), the actual
values of ¢ corresponding to the chosen P, level
can be read directly from the figure for use in
building confidence intervals. For example, a P,
= (0.05 with a two-tailed test would yield 25 ob-
servations in each tail out of a total of 1,000 ob-
servations. In this case, the lower tail ¢t-value of
—2.70 and the upper tail t-value of +2.30 (Figure
10) yield 25 observations in each tail.

Weekday simulations.—We used the same pro-
cedures to build the ¢ frequency distribution for
weekend days and for weekday simulations. Fig-

8
[SE(ETPH)J? = 6—14 [2 (ETPH)
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ure 11 shows detail of the lower and upper 50
t-values. For the Student ¢ table value of £2.365
(df = 7, P, = 0.05), the lower tail contains 32
observations, and the upper tail contains 20 ob-
servations, rather than the expected 25 in each
tail. The actual critical values that produce a P, =
0.05 in a two-tailed test are —2.54 for the lower
tail and +2.25 for the upper tail. These calculated
t-values yield 25 observations in each tail.

Discussion

Application of this simulation model proved to
be a useful tool to assess the statistical behavior
of a new estimator of fishing effort. The estimator
was shown to be unbiased (Robson and Jones
1989). However, the underlying form of the esti-
mator’s sampling distribution was unknown and
was found through this numerical simulation to
be non-normal. For simulation application pur-
poses, this method gave an estimate of daily total
fishing effort (ETPH) along a route on a given day.
The sampling distribution in this circumstance was
non-normal. However, when used in an actual an-
gler survey, the mean ETPH for all sampling days
within the time stratum, say weekend days of the

month, is the statistic that is used to expand daily
effort to monthly effort. We used simulations to
show that normality increased with increasing
ETPH, both within a route and, more important-
ly, when routes were pooled. This was encouraging
because it suggests that the sampling distribution
of the estimator will become normal over the larg-
er fishery. The combined route case used here (i.e.,
the Sterling and Upper Salmon routes) was based
on independent simulations of these two tributary
routes. This creates somewhat of a false impres-
sion because the approach to normality in field
studies will not be as fast. However, in the case
of the New York Great Lakes angler survey, 10
tributary routes were combined to yield a lake-
wide estimate of stream fishing effort, and our cur-
rent simulations may be very realistic.

The coefficients of variation from the simula-
tions were fairly homogeneous among the tribu-
tary routes. This was a necessary condition for
pooling tributary route effort estimates into a lake-
wide estimate of effort. When the coefficients are
similar, it is likely that the sampling distributions
for route estimations are the same. This estimator
was built specifically to be used for large geograph-
ical areas broken into several survey routes. The
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estimator works best when pooled over routes from
the same fishery (e.g., tributary fishing).

The simulations revealed valuable information
concerning the magnitude of the variance com-
ponents. It showed that, for the New York fishery,
the within-day variance dominated the total vari-
ance, and the day-to-day variance component was
of negligible magnitude. This condition would not
necessarily hold for all fisheries and depends on
the heterogeneity of fishing over the season.

The simulations also allowed calculation of
DTPH and therefore insight into the distribution
of z-values. Critical (¢) values can be taken directly
from the figures given in this paper. Additionally,
the simulations have shown that use of the table
t-values based on a normal distribution will result
in misspecification of the P, region in the calcu-
lation of confidence limits.

The simulation model also revealed that the
sampling distribution of ETPH could be approx-
imated with a gamma distribution. Hence, as an
aid in planning similar future studies, the daily
ETPH sampling distribution for a route might be

assumed to have the shape of a gamma distribu-
tion with a CV on the order of 50% and a mean
value equal to the actual daily mean ATPH. This
information also suggests the possibility of using
the gamma distribution for confidence interval es-
timation rather than using the empirically deter-
mined ¢-distribution. Once a known distribution
function can be fit to the empirical sampling dis-
tribution, mathematic methods exist for the so-
lution of the critical values for specific alpha levels
of confidence. The critical intervals for the gamma
distribution can be found by using the large-scale
approximate confidence interval method de-
scribed in Mendenhall et al. (1981).
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